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Abs tract

Photoeffect cross sections calculated by McGuire, covering the energy
range 0„0062 to 62.0 keV for elements with Z = 2 to 54, are compared with
values interpolated from results calculated by Veigele et al (Kaman) which
cover the energy range 0.1 to between 1.0 and 8,0 keV. This comparison is

presented in the form of percent differences between these two data sets,
with the Kaman values taken as the reference set . The cross sections are

listed and the differences are tabulated over the energy range 0.103 to

62„0 keV, At the higher energies (above between 1.0 and 8,0 keV) in this
region of overlap, the Kaman values were fitted to experimental data, rather
than calculated from theory. Discrepancies ranged from less than 3% up to

as much as a factor of ten in the iodine Mjy - My edge region at 0„620 keV.
From this comparison, and from graphical comparison of both sets with experi-
mental data for carbon, aluminum and tin, we estimate that for Z = 2 to 54
the envelope of uncertainty of present calculated values in the region 0.1
to 1.0 keV is of the order of ± 20% except in the presence of resonance
absorption features where the uncertainty can be an order of magnitude.





I. Intro duct ion

1/
In a previous report (IV. Kaman and ENDF/B) in this series, we presented a

comparison of the photon cross section data set (0„1 to 1000 keV, Z = I to 94)

2,3 / 4/

given by Veigele et al (Kaman Corp.) with the ENDF/B library data set (1 keV

to 100 MeV, 87 elements with Z = 1 to 94).

In that report we also included a comparison of the total attenuation coef-

8/

ficients in the Kaman set with the light-element, low-Z set by Henke and Elgin.

The Henke and Elgin set, extending over the range 0.03 to 6.0 keV for Z = 2 to

18, was fitted and interpolated from available experimental data.

The Kaman cross section set in the region 0.1 to 1.0 keV, on the other hand,

was calculated from theory for all elements. For elements with Z greater than

21 (Sc) these calculations were extended to energies higher than 1 keV, in one

case up to 8.0 keV (Pu, Z = 94), above which, except for hydrogen, the Kaman set

consists of values derived from experimental data.

In this low-energy region, particularly below 1 keV, the total attenuation

coefficient is comprised almost entirely of the photoeffect cross section as

indicated in Table I. The remaining portions of the total cross section, the

coherent and incoherent scattering contributions, were calculated by means of

the customary scattering-factor, impul se -approximation approach throughout the

0„1 to 1000. keV energy range of the Kaman set. These scattering cross section

contributions enter only as small or negligible corrections to the total cross

section in the range 0.1 to 1.0 keV. Hence in this low energy region an exami-

nation of the total attenuation coefficient reduces essentially to an examination

of the photoeffect cross section.

In addition to the Kaman calculation of the photoeffect cross sections

below 1 keV, there also exists an independent systematic calculation

9/
of photoeffect cross sections by McGuire extending over the region



0.0062 keV (200oX) to 62.0 keV (O.ll) for elements with Z = 2 to 54. In this

report we compare the McGuire and Kaman theoretical photoeffect values in

the region 0.103 keV (120X) to 62.0 keV (O.2X), Z = 2 to 54.

The theoretical basis and calculational procedure for the Kaman low-energy

photoeffect cross section computation were briefly described in report IV of this

y
series. We similarly describe briefly as follows the McGuire calculations and

indicate some of the similarities and differences with respect to the Kaman

calculation, ' v

II. McGuire Photoeffect Calculations

Both the Kaman and McGuire soft x-ray theoretical photoeffect cross sections

were calculated using the dipole central-field model discussed in detail by

10/
Cooper. In this model, the contribution t ^ o f the subshell to the total

photoionization cross section is

4 a ,T = — Tra a N . hv
n-L 3 0 n-t '\2l+l)^-l + (z^+lK+l i

where a is the fine- structure constant, a is the Bohr radius, N , is the sub-
0 n-t

shell occupation number, hv is the photon energy in Rydbergs, and ^ are the

radial matrix elements for the transition of the electron from the bound state

with orbital quantum number to continuum states with = t ±1.

For the evaluations of the radial matrix elements % +-|^
, both the Kaman and

McGuire calculations used the dipole-length expression.

%-l = J ^nt(^>^ 1. 1
dr (2)

o
'

in which r is the electron radial position in Bohr units, e is the continuum

(photo-ejected) electron energy, and P^^(r) and P^ ^^^(r) are the bound and

continuum radial wave functions, respectively, of the photoelectron. These wave
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functions P(r) were determined by solving the radial Schrodinger equation

+ V(r) + E - ^^^^
i

P(r) = 0 (3)
,2 n 2 J
dr r.

in which E is the energy (E <0) in Rydbergs of an electron in the nth subshell.
n n

Values of the potential V(r) were taken from the tables of Herman and Skillman

for both the Kaman and McGuire calculations.

The principal two points of difference between the Kaman and McGuire cal-

culational procedures are in the treatments of V(r) and E in equation (3) for
n

purposes of carrying out the necessary integrations for evaluating P (r) and

Pg ^^^(r) : (1) McGuire approximated the quantity rV(r) by a series of straight

lines, by means of which solutions to equation (3) could be expressed analyti-

cally in terms of Whittaker functions and evaluated without recourse to numerical

integration. In the Kaman calculation the tabulated Herman- Skillman V(r) values

were used directly, and numerical integration was used. (2) McGuire used theo-

retical E^ values in equation (3) corresponding to the initial bound- state

configuration, hence the frozen-orbital or unrelaxed-core approximation. In the

Kaman calculation, on the other hand, core-relaxation or fast-rearrangement was

taken into account to some extent by inserting experimental absorption-edge

energies for E^ in equation (3).

Use of experimental E^ values has some advantage in providing absorption

edges at the right energies, with no scaling of the calculated results required

to relate them to experimental cross sections. There is, however, some risk in

this procedure in that corrections may be inconsistently introduced, according
12/ 12/

to Pratt, Ron and Tseng. Pratt et al also suggest, on the basis of results of

13/
Rosen and Lindgren, that the relaxed-core (sudden rearrangement) approximation

is more suitable for inner shells, particularly for light and medium Z elements.

3



where binding energies calculated in this approximation agree best with experi-

mental thresholds. However, for outer electron shells, binding energies calculated

using the unrelaxed core (slow rearrangement) approximation tend to agree better

with experimental thresholds.

III. Results

The McGuire energy grid is in integral values of angstroms rather than keV,

and the upper energy varies from 0.310 keV (40 X) for helium (Z=2) up to 62.0 keV

(OoZX) for silver (Z=47) through xenon (Z=54). Because of this varying upper

energy, and also because McGuire gives no cross section values at the absorption

edge energies, we interpolated (log-log linear interpolation) the Kaman photo-

effect values to the McGuire energy grid for purposes of this comparison, rather

than vice-versa. These interpolated values are listed in barns/atom in the last

column in Table II following the McGuire values in the same units as taken from

reference (9)o

The results of the comparison are given in the second column of Table II.

For each element Z = 2 to 54, the percentage deviation of the McGuire photoeffect

cross sections from the Kaman values was calculated as

Percent Deviation = 100.0 (t^, ^ . - t )/t (4)
McGuire Kaman Kaman

The resulting sign indicates that the McGuire cross section is greater (+) or less

(-) than the Kaman value. The percent deviations are rounded off to the nearest

one-tenth percent.

In Figures 1 and 2 we have indicated the combinations of energy and atomic

number for which the absolute deviation of the McGuire photoeffect cross section

from the Kaman value exceeds 3% and 207o, respectively. It is evident from

Figures 1 and 2 and an inspection of Table II that the majority of the deviations

are between 37o and 20?o. The only systematic trends appear to be that the McGuire

4



values are generally greater than the Kaman values below 0.5 keV and tend to be

less than the Kaman values in the region 1.0 to 10 keV.

In Figures 3, 4 and 5 we graphically compare the McGuire (dashed line) and

Kaman (solid line) calculated results, also the Kaman values above 1.0 keV fitted

to experimental data (dotted line) for carbon, aluminum and tin. Also included

in these graphs are experimental total cross section data points from the NBS

data-file indexed and documented in reference (14). In the regions shown, the

total cross section on this scale is indistinguishable from the photoeffect, as

was indicated in Table I. In Figure 4 the dip in the McGuire values at 2.07 keV

for aluminum we attribute to a typographical error.

In these saiiqjle graphical conparisons X'je see that both the McGuire and Kaman

results are for the most part consistent with the experimental data points within

the experimental spread of the order of ± 20% . An exception to the ± 10% con-

sistency is seen in Figure 5 for tin below 0.3 keV where a pronounced resonance-

type feature is shown by the experimental points. Similar peaks have been

observed between 0,1 and 1.0 keV for a number of other medium and high Z elements

(see, e.g.. Figs. 27-52 of reference (2), Vol. II). Although both the McGuire

and Kaman calculated results tend to suggest the presence of such features, these

cross section values may disagree with each other and/or with experiment by an

order of magnitude at the peak energy.

Some additional isolated large discrepancies between the McGuire and Kaman

values (1057% for nitrogen 0.103 keV and 64 07o fiDr palladium at 6.2 keV) we

attribute to misplaced decimal points in the McGuire tables. Other large dis-

crepancies as listed in Table III we attribute to differences between the McGuire

theoretical (initial bound-state configuration E values as discussed in Section II)
"

15_/

absorption-edge energies and the experimental values from Bearden and Burr

used in the Kaman calculations. All of these differences are positive, hence the

theoretical McGuire threshold energy in each case in less than the Bearden- Burr

value also listed in Table III.
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Figure Captions

Figure 1. Elements and grid-energies (see Table II) for which the

McGuire calculated photoeffect cross section is at least

37o greater (+) or less (-) than the corresponding photo-
effect cross section interpolated from the Kaman data set.

No McGuire values are given for higher energies or Z's
beyond the indicated boundary line in Figures 1 and 2.

Figure 2. Elements and grid-energies for which the McGuire calculated
photoeffect cross section is at least 207o greater (+) or

less (-) than the corresponding photoeffect cross section
interpolated from the Kaman data set.

Figure 3. Photoeffect cross sections for carbon calculated by McGuire
( ) and Kaman ( ), also fitted by Kaman to experimental
data ( ). The circles are measured total-cross-section
data-points (see text)

.

Figure 4. Photoeffect cross sections for aluminum, with same notation
as Fig. 3. .

Figure 5. Photoeffect cross sections for tin, with same notation as

Fig. 3.



Table Captions

Table I. Ratios of the photoeffect cross section to the t^^al cross
section, based on values from the Kaman data setT

Table II. Percent differences 100 x (Tj^^.^.^ - ^Kaman)/^Kainan the
McGuire grid energies. The photoeffect cross sections

^McGuire ^^'^ ^Kaman (ir^terpolated to the McGuire energies)
are listed in the last two columns in barns/atom.

Table III. Large percent differences in Table II attributable to dis-
crepancies between the McGuire theoretical edge-energies
and the Kaman experimental edge-energies. The experimental
edge-energies or ranges of edge-energies,^in the last three
columns are taken from Bearden and Burr^-/
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Table III

Element
Energy
(keV)

Percent
Difference

M- edges
(keV)

L-edges
(keV)

K-edge
(keV)

Zn (30)

Ga (31)

Kr (36)

Y (39)

Tc (43)

Pd (46)

Te (52)

1,03

10.3

1.55

0.155

20.7

3.10

4.13
31.0

1097o

6347,

4017o

4457o

7047,

2847,

3327,

5437,

0.157-0.394

1.02-1.19

1.67-1.92

3.17-3.60

4.34-4.94

10.37

21.04

31.81

I (53) 0.620 10407, 0.619-1.072
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